Abstract Snake bite incidence is highest in Asia and subSaharan Africa. This retrospective audit of 533 adult patients, who had presented to the Emergency Department, collates clinical features, effect of pharmacologic interventions and the risk factors that influence morbidity and mortality. Dual toxicity, neurological and haematological, was observed in 30.4% of patients. Laboratory evidence of haematotoxicity was demonstrated in 314 (58.9%) and 40% demonstrated clinical evidence of bleeding. However, 7.3% of these patients did not have laboratory evidence of bleeding disorder (p< 0.001). Conversely, 60% did not have clinical evidence of bleeding, but demonstrated laboratory evidence of abnormal parameters. Acute kidney injury (AKI) was evident in 28% of patients and 15.3% required haemodialysis. About 25% with no haematotoxicity showed evidence of AKI. The majority received 6-12 vials of poly-valent anti-snake venom. Hypersensitivity reaction rate was 8% and predominantly anaphylactoid in nature. The length of hospital stay ranged from 2 to 28 days and 20% required mechanical ventilation. Overall mortality rate was 7.5% with significant association to AKI, haematotoxicity and assisted ventilation. The mortality rate was 18% in patients with pre-hospital delay more than 24 h, as against 5% when admitted within the above specified period (p0<0.001). The strength of this study is the accrued information of over a period of 10 years of snake-bite management through the Emergency Department of a university hospital setting. The limitations are the retrospective study design and the rejection percentage of 15.5% due to insufficient information from the total chart pool.
Introduction
Snake bite injury data published by the World Health Organization estimates an incidence of five million snakebite cases worldwide each year. Reportedly, about 200,000 persons fall prey to snake bite per year in India and 50,000 of them die every year [1] . The highest incidence of snake bites is in South Asia, Southeast Asia and sub-Saharan Africa and caused by elapids (cobras, kraits, mambas, etc.) and vipers, and in some regions, sea snakes. This retrospective analysis of a decade of information collected from a University teaching hospital was intended for comprehensive understanding of the epidemiologic and clinical features of snake bite envenomation in South India.
Aims and Objectives
▪ To study the epidemiology, and the effect of pharmacologic interventions pertaining to snake bite ▪ To analyse the association between various risk factors and their influence on the final outcome Study Population All patients were 18 years and older who had presented to the Emergency Department with history of snake bite over a period of 10 years, 1997-2007.
Exclusion Criteria None.
Outcome measures:
1. Mortality: Died prior to discharge from hospital 2. Morbidity: Renal dysfunction, tissue loss, limb amputation, etc. 3. Length of stay: Number of days admitted to the hospital
Methodology
Relevant data were collected from medical records of the study population on the Chart Review Forms. Details included Epidemiologic Information, snake bite details, symptomatology and resuscitation requirements, in addition to indications for anti-snake venom (ASV) administration, based on clinical and laboratory investigations. The patient's progress was followed through the entire period of hospital stay and the outcome documented.
Ethical Considerations None. All patient identification will be de-identified per protocol to comply with research standards.
Sample Collection The sample size of 533 patients was derived from a total number of 628 charts (Fig. 1) . Statistical analyses were performed using SPSS 11.0 for windows. Comparisons of continuous variables were assessed using t test and categorical variables were analysed using chi-square test. Variables that were significantly related to mortality at the univariate analyses (p<0.1) were included in a multivariable logistic regression model. Unadjusted and adjusted odds ratios are presented for all the risk factors for mortality. 
Results
The demography of the study population, bite site, clinical findings, investigations, toxicity and ASV reactions in addition to the final outcome are depicted in Table 1 . Snake bite was noted pre-dominantly in the rural agricultural population of India, with male predominance. The main species which had been identified in the study area are Russell's viper (Daboia russelii), Common Cobra (Naja naja) and Common Krait (Bungarus caeruleus). The bite environment was recorded in 43% of cases and it occurred outdoors-while working or sleeping in the open, during summer months. Seasonal variation similar to our observation has been noted elsewhere [2] with the predominant incidence being in the rainy season-June to September (Fig. 2) . Bite site was mostly in the lower limbs. Although about one fourth of the patients or their relatives volunteered to identify the species of the snake, its reliability, however, could not be confirmed. About three fourth of the patients sought first aid in local clinics and peripheral hospitals prior to definitive treatment in the University hospital (research setting). Most of the cases were admitted within 24 h of the bite. Morbidity included cellulitis, neurotoxicity and haematotoxicity. Dual toxicity was observed in 30.4% of patients.
About 40% demonstrated clinical evidence of bleeding. However, 7.3% of these patients did not have laboratory evidence of bleeding disorder. This is statistically significant (p<0.001). Conversely, 60% of patients did not have clinical evidence of bleeding, but demonstrated laboratory evidence of abnormal parameters. Laboratory evidence of acute renal failure was noted in 28% of patients with clinical signs of haematotoxicity and 15.3% required haemodialysis. Laboratory evidence of haematotoxicity (defined in our study as any of the following: PT>13.2 s, PTT>37.2 s, CT>20 min and BT> 7 min) was demonstrated by 314 patients (58.9%). About 25% with no haematotoxicity showed evidence of abnormal renal function. Abnormal platelet count (defined in our study as <60,000) was noted in 16% and about 81% demonstrated leucocytosis (WBC>20,000), ranging up to 40,000/mm 3 . All the 533 cases received polyvalent ASV which is effective against all the four common species, which are as follows: Russells viper (D. russelii), Common Cobra (N. naja), Common Krait (B. caeruleus) and Saw Scaled viper (Echis carinatus). There are no currently available monovalent ASVs primarily because there are no objective means of identifying the snake species, in the absence of the dead snake. It would be impossible for the physician to determine which type of monovalent ASV to employ in treating the patient. The hypersensitivity reaction rate was about 8% and was predominantly minor anaphylactoid in nature-pruritus, hypotension, urticarial rash, syncope, fever, etc. Dosage data were available for 517 patients and the majority received [6] [7] [8] [9] [10] [11] [12] No. of vials of ASV in CMC (Fig. 3 ). About 9% of the patients required inotropic support and 8% needed blood transfusion. Fresh frozen plasma was needed in 8% of patients. Tetanus toxoid was administered in 95% of patients. Surgical intervention included debridement with skin or flap cover, incision and drainage. One patient required amputation. Admission to the intensive care unit was required in 40% of the total population. About 20% required mechanical ventilation, which extended up to 10 days (Fig. 4) . The indications were respiratory insufficiency, due to neuro-toxicity. Of these, 33% expired. Of the remaining patients who did not require the same, 1.5% died, thus demonstrating statistical significance in mortality in relationship with assisted ventilation (p0<0.001). Length of hospital stay ranged from 2 to 28 days (Fig. 5) . Morbidity included renal failure, intra-cranial bleeds, post-anoxic encephalopathy, limb contractures, acute coronary syndrome, amputations, etc. (Table 2 ). The overall mortality rate was 7.5%. Multiple logistic regression analysis on all factors which influenced mortality at the univariate level demonstrated a significant association between acute kidney injury (AKI), haematotoxicity and assisted ventilation with respect to mortality. Patients with AKI demonstrated a mortality of 21% as against 3% of those who died and did not have AKI (p0<0.001).
Age group analysis demonstrated maximum mortality in patients above 65 (20%) and <10 years (11%), thereby including the extremes of age. There was no association age and delay to presentation against intubation and acute kidney injury. Patients in whom there was pre-hospital delay more than 24 h, the mortality was 18% as against 5% in those who were admitted within the above specified period (p0<0.001). Significant statistical relationship (p0<0.001) was observed in the total number of 20 patients (23%) who presented with loss of consciousness at the time of presentation to the Emergency Department who expired subsequently.
Discussion
The strength of this study is the accrued information available over a decade of snake bite management in a university hospital setting, which endeavours to practice evidence-based medicine. India remains amongst the group of countries with the highest mortality [3] . Globally, usage of monovalent ASV is the preferred mode of treatment. However, In India and the neighbouring countries, due to the usage of polyvalent vaccine, species identification is not of critical clinical value. Snake identification was recorded in one fourth of the subjects, since visibility and fear were significant obstacles, as observed elsewhere [2] . This impedes the investigation of the epidemiology of speciesspecific biological behaviour of envenomation. Further, species that dominate the snake bite population differ according to geography [4, 5] . Of recent interest is the discovery of another species, the hump-nosed pit viper (Hypnale hypnale), also capable of causing lethal envenomation [6] . This necessitates the development of a more inclusive polyvalent vaccine, since the present drug is exclusively for the Indian cobra (N. naja), the common krait (B. caeruleus), the Russell's viper (D. russelii) and the saw-scaled viper (E. carinatus). One of the challenges in envenomation medicine is the inability to quantify venom dose, thus making treatment protocols arbitrary. The quantity of venom that can be extracted from the Russell's viper varies significantly and depends on the size of the snake [7] . The range of venom injected was shown to be 5-147 mg. This would imply a maximum ASV dose of around 25 vials [8] . ASV is an expensive commodity and is of perennial short supply. Therefore it needs to be used judiciously. Randomised control trials in two independent settings which administered high dose ASV to one study arm and low dose ASV to the other, concluded that there was no statistical difference between the two arms in terms of mortality, length of stay or supportive measures [9, 10] . Dosage requirements and recommendations have varied significantly-from an average of 51.2 vials for cobra bites and 31 vials for viper bites [11] . Guidelines based on Russell's Viper venom recommended the administration of 10 units of ASV, and only if the patient exhibits signs or symptoms of systemic or severe local envenomation [12] . The biological behaviour and benefit of low-dose ASV therapy have been observed to exhibit an overall mortality rate of 7.5%, following the low-dose protocol. This is encouraging and provides the impetus for further investigation. One particular study of 277 cases of snake bite envenomation examined predictors of mortality-vomiting (RR-0.51), neurotoxicity (RR-3.15) and creatinine elevation (RR-1.35) [13] . This study also indicated that acute renal failure and the need for ventilation bear significance in predicting mortality.
It has been recommended by the WHO in 2005 that snake bite should be formally recognised as an important occupational disease and should be made a specific notifiable disease in all countries in the South East Asian region [14] . It is also recommended that education and training on snake bite should be included in the curriculum of medical schools. This study has indicated that bites were more common when working and sleeping outdoors. Therefore, there is significant scope for public health intervention, i.e. community education, awareness about snake bite, wearing shoes and sleeping indoors as an effective method to mitigate the consequences of envenomation.
This retrospective chart review has its limitations since the retrospective information gleaned was from 533 patients over 10 years, with a rejection percentage of 15.5% due to insufficient information from the total chart pool. Moreover, the selection bias due to a singlecentre data is justifiable. Furthermore, no prior baseline information about the study population was available. For example, anaemia was noted in one third of the study population. However, no conclusion could be drawn from this observation, since their baseline haemoglobin is unknown.
Wound aspirate, serum and urine can be subjected to enzyme-linked immunoassay (ELISA) and radioimmunoassay for detection of snake venom and venom antibodies [15] . They can detect values as low as 0.5 ng of venom. Current ELISA systems involving snake venoms have low specificity, and most cannot reliably differentiate venoms of related snakes. Nonspecific reactions and cross-reactivity are unacceptably high. However, there is scope for further development in this field.
Conclusion
Published literature depicts significant variation that exists between regions of India and in the Asian sub-continent. There is dearth of collective evidence for clear pathways to be determined to predict the outcome of snake envenomation in the above geographical area. The objective of this exercise-the largest case series of its kind-was to collate a decade of experience from best practice standards of a University teaching medical institute of repute, to facilitate comprehensive understanding of the disease behaviour and to refine patient care guidelines.
